Different combinations of saturated and unsaturated fatty acids were fed to broilers to establish their effect on the fatty acid composition of the broiler carcass and the abdominal fat pad. Six combinations of Canola acid oil (CAO, high levels of C18:3n-3 and monounsaturated fatty acids) and Famarol acid oil (FAO, high levels of C18:2n-6 and saturated fatty acids) were included in the broiler diets from one day of age to six weeks of age, viz. 100% FAO, 80% FAO-20% CAO, 60% FAO-40% CAO, 40% FAO-60% CAO, 20% FAO-80% CAO, 100% CAO. There were no statistically significant differences between dietary groups in weight gain (1.71 ± 0.059 kg) or feed conversion ratios (1.97 ± 0.051 g feed/g gain). No significant differences between treatments were found in the moisture (66.20 ± 0.112%), protein (17.63 ± 0.484%), lipid (15.92 ± 1.507%) and ash (0.95 ± 0.115%) concentration of the carcasses, nor in the moisture (28.77 ± 0.112%), protein (3.03 ± 0.484%), lipid (63.32 ± 9.789%) and ash (0.45 ± 0.135%) concentrations of the abdominal fat pads. With the increase in dietary CAO levels, the mean percentages of C18:2n-6 and C20:4n-6 in the carcasses decreased respectively with 1.78% units from 20.88% and 0.35% units from 1.05%, whilst C18:3n-3 and longer chain n-3 fatty acids such as C20:5n-3 and C22:6n-3 increased respectively with 2.25% units from 1%, 0.1% units from 0.1% and 0.67% units from 0.2%. The same tendency was seen in the abdominal fat pads where C18:2n-6 and C20:4n-6 decreased respectively with 1.55% units from 20.75% and 0.98% units from 1.2% with an increase in dietary CAO, whilst C18:3n-3, C20:5n-3 and C22:6n-3 increased respectively with 2.13% units from 1.15%, 0.45% units from 0.03% and 0.95% units from 0.05%. The n-3/n-6 ratio in the carcasses and abdominal fat pads increased respectively with 0.16% units from 0.06% and 0.19% units from 0.06% with an increase in dietary CAO. These results clearly indicate that dietary CAO enriched with α-linolenic acid lowered the saturated fatty acid concentrations in broiler carcasses and abdominal fat pads with 4.88% units and 10.63% units respectively, and increased the monounsaturated fatty acid concentrations with 3.87% units and 7.25% units, respectively and polyunsaturated fatty acid concentrations with 1.02% units and 2.38% units, respectively. The results of this experiment showed that substitution of Famarol oil with Canola oil in broiler diets can increase the ratio of n-6 to n-3 fatty acids in broiler carcasses and abdominal fat pads to 5:1, a ratio more suitable for human health. Increasing the level of n-3 fatty acids in the diets was also effective in reducing the level of saturated fatty acids in the carcasses and abdominal fat pads of broiler chickens resulting in "healthier" chickens.
Introduction
Potentially one of the most important fields of study in animal nutrition is that of the effects of diet on the fatty acid composition of the animal carcass. This information is mainly of value because of an imbalance in the human dietary intake of various types of fatty acids (Simopoulus, 1991) . There is much interest in the relative merits of monounsaturated, n-6 polyunsaturated and n-3 polyunsaturated fatty acids (PUFA) in human nutrition and their role in protecting the human body against cardiovascular related diseases (Wiseman, 1997) . Several sources of information suggest that man evolved on a diet with a ratio of n-6 to n-3 fatty acids of ~1, whereas today this ratio is ~10:1 to 20-25:1 (Simopoulus, 1991) . This suggests that Western diets are deficient in n-3 fatty acids compared with the diet on which humans evolved and their genetic parameters were established. It is thus important for human health to increase the consumption of n-3 fatty acids.
Dietary fatty acids are absorbed by monogastric animals and deposited in their tissues without significant modification. There is, therefore, considerable potential for the manipulation of the fatty acid profiles of poultry tissue by dietary means, thus to increase the supply of n-3 PUFA suitable for human consumption. Ajuyah et al. (1991) showed that the use of linseed oil or whole linseed in poultry diets resulted in tissue enrichment of n-3 PUFA (C20:5n-3 and C22:6n-3) derived from C18:3n-3 by desaturation and elongation. Hulan et al. (1989) indicated that marine oils and fish meal containing residual lipid increased the C20 and C22 n-3 PUFA concentration of poultry tissue.
In the present study, different levels of two commercial acid oil blends, Canola and Famarol, were fed to broiler chickens to examine their influence on the performance and fatty acid composition of the bodily fat in the birds.
Materials and methods
A total of 216 one-day-old, vent sexed male and female broilers were reared for 42 days in an environmentally controlled rearing house. Six birds per cage were allocated to 36 cages, 18 cages containing males and 18 containing females. All the birds in each cage were allocated to one of six dietary treatments. A randomised block design was used. The nutrient composition of the experimental diets is given in Table 1 . Vitamin/mineral mix: Vitamin A (10 000 000 IU), vitamin D (2 000 000 IU), vitamin E (20 000 IU), vitamin K (2 g), vitamin B1 (2 g), vitamin B2 (5 g), vitamin B6 (3 g), vitamin B12 (0.01 g), niacin (20 g), calpan DL (10 g), folic acid (0.5 g), biotin (0.02 g), antioxidant (125 g), choline (300 g), cobalt (0.5 g), copper (6 g), iron (20 g), manganese (70 g), iodine (1 g), selenium (0.15 g), zinc (50 g).
The basic formulation of the experimental diets (Table 2) process, the crude oil is first treated with water to remove gums and other water-soluble components. The free fatty acids are then removed by the addition of a weak alkali solution, converting them to water soluble soap. The resultant soap-stock is then treated with acid to convert the soap back to free fatty acids. Acid oils may derive from a single source, such as the CAO, or it may be derived from a mixture of acid oils. Famarol acid oil is mainly a mixture of different vegetable and marine oils. Both oils were obtained from commercial oil refineries in Cape Town, South Africa Bird weights per cage and food consumption per cage were recorded weekly. Weight gain (WG) and feed conversion ratios (FCR) were calculated. A 24-hour light period was followed. The starting temperature at day-old was 33 °C and was gradually decreased to 21 °C at 21 d of age. A standard commercial health and inoculation program was followed.
All six birds from each cage were slaughtered at 42 d of age. The weight of the plucked birds was recorded (excluding head, legs, digestive tract and content) and the abdominal fat pad removed and weighed. The six carcasses (including bone, muscle, skin and subcutaneous fat) and abdominal fat pads from each cage were minced, pooled and stored at -20 °C for chemical analysis. The carcass tissue, abdominal fat pads and feed of each cage were analysed for moisture (105 °C, 24 h), nitrogen (protein = nitrogen x 6.25) and ash (AOAC., 1995) concentrations. The samples were analysed also for total lipid (using chloroform / methanol 2:1 as solvent) content, using the method of Lee et al. (1996) . The lipids in the tissue, abdominal fat pads and feed were analysed for fatty acid concentration. Fatty acid methyl esters (FAME) were prepared according to the method proposed by Morrison & Smith (1964) . The FAME were analysed with a GLC (Varian Model 3300) equipped with flame ionisation detection and two 30 m fused silica megabore DB-225 columns of 0.53 mm internal diameter (J&W Scientific, Folsom, CA). Gas flow rates were: hydrogen, 25 ml/min; air, 250 ml/min; and nitrogen (carrier gas), 5-8 ml/min. Temperature programming was linear at 4 °C/min; initial temperature, 160 °C; final temperature, 220 °C held for 10 min; injector temperature, 240 °C; and detector temperature, 250 °C. The FAME concentrations were identified by comparing the retention times to those of a standard FAME mixture (Nu-Chek-Prep Inc., Elysian, Minnesota).
A linear regression model was fitted to the data with diet (lipid variations) as predictor. Analyses of variance were performed on all the variables measured, using the General Linear Models (GLM) procedure of SAS (1985) . The following model was fitted for main effects (diet, sex) and the interaction between them:
Y ij is the dependent variable, µ = the overall mean, D i = the i th diet effect, S j = the j th sex effect, DS ij = the interaction between diet and sex, e ij = the residual error.
The differences between diets and sexes were tested separately by means of the null hypothesis (H 0 ), with H 0 :µ = µ 0 and the alternate hypothesis (H a ) being H a :µ ≠ µ 0 . Mean and standard errors were calculated for each diet and sex and a matrix of excedence probabilities were calculated to test for differences with Student's t test. Differences between the variables were accepted as being significant if the probability of rejection of H 0 was less than 5% (P < 0.05) for diets and sex.
Results
The weight gain (WG) and feed conversion ratio (FCR) of broilers fed the different experimental diets are shown in Table 3 . There were no significant differences (P > 0.05) in WG or FCR among the dietary and sex groups. No significant statistical interaction was found between diet and sex for WG and FCR.
In Table 4 the proximate composition of the carcasses, abdominal fat pads and feed of the broilers is presented. There were no significant differences (P > 0.05) in the protein, ash, moisture or lipid concentration of the carcasses and fat pads among the different dietary groups. The fatty acid profiles of the two oils (Table 5 ) added to the experimental diet (Table 1 ) differed substantially. Canola acid oil contained high concentrations of α-linolenic acid (C18:3n-3) and monounsaturated fatty acids (MUFA), while Famarol oil contained high concentrations of linoleic acid (C18:2n-6) and saturated fatty acids. This resulted in the various treatments containing different mixtures of CAO and FAO (Table 6 ) and having a large variation in lipid composition, particularly the level of saturation. Values in the same row with different superscripts differ significantly (P < 0.05).
The 100% FAO: 0% CAO diet contained 31.32% saturated fatty acids (SFA), which were mainly palmitic acid (C16:0) (23.38%) and stearic acid (C18:0) (6.52%), 45.78% MUFA, which were predominantly oleic acid (C18:1n-9) (38.8%) and palmitoleic acid (C16:1n-7) (6.18%). The percentage of polyunsaturated fatty acids (PUFA, 22.9%) consisted mainly of linoleic acid (C18:2n-6) (20.73%) and α-linolenic acid (C18:3n-3) (1.1%). The 100% FAO:0% CAO diet showed only trace concentrations of longer chained acids. At the other extreme, the 0% FAO:100% CAO diet had a saturated fatty acids concentration of 23.62%. The main components of the SFA were palmitic acid (C16:0) (17.7%) and stearic acid (C18:0) (4.6%). Oleic acid (C18:1n-9) (45.9%) was the main MUFA at a level of 51.28%. Palmitoleic acid (C16:1n-7) (4.43%) also formed a major component of the MUFA with lower concentrations of gadoleic acid
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(C20:1n-9) being present. The 0% FAO:100% CAO diet had 25.12% PUFA, with C18:2n-6 (19.17%) and C18:3n-3 (3.3%) being major constituents. Only trace concentrations of the longer-chained PUFA were detected in this diet. The means of the fatty acid profiles of the total lipids of carcass and abdominal fat pads of the broilers on the different diets are presented in Table 6a ,b and c. The fatty acid profiles of the broiler carcasses and abdominal fat pads were significantly influenced by the content of lipid in the diet. Generally, the most common fatty acid in the diet was most abundant in the tissue and fat pads. The converse was true of the least abundant fatty acids. The levels of linoleic acid (C18:2n-6) and arachidonic acid (C20:4n-6) in the carcasses of chicks fed 100% and 80% CAO were significantly lower (P < 0.05) than those in chicks fed 100% and 80% FAO.
The differences increased with rising dietary CAO levels, whereas the levels of α-linolenic acid (C18:3n-3), eisosapentanoic acid (EPA) (C20:5n-3) and docosahexaenoic acid (DHA) (C22:6n-3) increased linearly ( Table 7) . The linear regression equations in Table 7 plot the actual percentage of fatty acids in the feed over those in the tissue. The increase in dietary CAO levels also resulted in decreases in the rates of linoleic acid (C18:2n-6) and arachidonic acid (C20:4n-6) in the abdominal fat pads, but it increased the rates of α-linolenic acid (C18:3n-3), EPA (C20:5n-3) and DHA (C22:6n-3). Therefore, the ratios of n-3/n-6 fatty acids was significantly (P < 0.05) increased by rising the level of dietary CAO (Table 6) .
With rising levels of CAO in the diet, the SFA decreased linearly by 4.88% units and 10.63% units for the carcasses and abdominal fat pads, respectively (Table 6a ). This was mainly caused by decreases in the two principal saturated fatty acids, palmitic acid (C16:0) and stearic acid (C18:0) in both tissues. (Table 6b ) increased with 3.87% units in the carcasses and 7.25% units in the abdominal fat pads, caused by increases in oleic acid (C18:1n-9) and palmitoleic acid (C16:1n-7). Table 6 shows a slight increase in the mean PUFA (1.02% units for carcasses and 2.38% units for abdominal fat pads) with increased levels of CAO. This may be caused by a balancing effect of the n-3 and n-6 fatty acids.
Discussion
There were no significant differences (P > 0.05) in weight gain or feed conversion ratios among dietary and sex groups throughout the experimental period. This result was expected as the different diets were balanced for the energy : protein ratio. There were also no interactions between diet and sex for WG and FCR. No significant differences (P > 0.05) were found in the proximate analysis of the carcasses and abdominal fat pads between dietary and sex groups. There was also no statistical difference in the interaction between diet and sex for these parameters. In monogastric animals the fatty acid composition of the tissues will reflect that of the diet (Lands et al., 1990) . Analysis of the fatty acid composition of the carcasses and abdominal fat pads showed that palmitic acid (C16:0) was the most predominant saturated fatty acid (Table 6a ). Free palmitic acid (C16:0) is the primary product of fatty acid synthetase reactions within the tissues (Volpe & Vagelos, 1973) . Some myristic acid (C14:0) and lauric acid (C12:0) are also formed, and a trace of stearic acid (C18:0) may also be produced (Wakil et al., 1983) . Once free palmitic acid (C16:0) is released from the synthetase complex, it can be esterified into complex lipids, elongated to stearic acid (C18:0) (the usual synthetic pathway for the de novo synthesis of stearic acid), or desaturated to palmitoleic acid (C16:1n-7) (Beare-Rogers, 1977) . Different enzymatic pathways are involved in each reaction.
Oleic acid (C18:1n-9) was the most predominant MUFA in both the carcass and the abdominal fat pads (Table 6b ). This was expected as fatty acid synthesis in animal systems produce only saturated acids and MUFA of the n-9 series, usually oleic acid (Volpe & Vagelos, 1973) . Animals lack the ability to desaturate mono-unsaturated fatty acids in the n-6 or n-3 position of the fatty acid chain. In animal tissues the desaturation of the de novo synthesised fatty acids stops with the production of the MUFA with a double bond in the 9-10 position of the fatty acid chain. (If palmitate is the substrate for the dehydrogenase, the double bond will appear in the 7-8 position of the chain as the 9-10 dehydrogenase desaturates nine carbons from the carboxyl end of the molecules.) Thus, palmitoleic acid (C16:1n-7), oleic acid (C18:1n-9) and cisvaccenic acid (C18:1n-11) are the main products of this reaction. Chain elongation by another enzymatic system, the fatty acid elongase system, will produce eicosanoic acid (C20:1n-9), erucic acid (C22:1n-13) and nervonic acid (C24:1n-9) by elongation of oleic acid (Seubert & Podack, 1973) . Linoleic acid (C18:2n-6) was the most predominant PUFA in the tissues (Table 6c) . Thomas et al. (1987) stated that individuals eating diets containing large amounts of linoleic acid will deposit this component readily in the tissue and complex lipids where it will be elongated and desaturated to arachidonic acid (C20:4n-6) (Lands et al., 1990) . Sprecher & Lee (1975) have shown that dietary PUFA are not elongated and then desaturated, but are desaturated and then elongated. The results of the present study suggest that dietary CAO enriched with α-linolenic acid (C18:3n-3) exerts a different effect on the lipid metabolism and fatty acid composition in growing chicks from that of FAO enriched with linoleic acid. Once ingested, linoleic acid and α-linolenic acid can be desaturated and elongated, primarily in the liver (Brenner, 1981) in such a manner that the methylene-interrupted pattern of unsaturated double bonds is maintained. The microsomal enzymatic reactions do not permit crossover between fatty acids metabolites from the linoleic acid (C18:2n-6) and α-linolenic acid (C18:3n-3) sequences (Brenner, 1981) . The desaturation and elongation steps are influenced by numerous nutritional and hormonal factors (Brenner, 1981) . A competitive interaction between linoleic acid and α-linolenic acid exists, such that n-3 PUFA suppress the metabolism of n-6 PUFA and n-6 PUFA suppress the metabolism of n-3 PUFA, although less strongly (Rahm & Holman, 1964) .
Analysis of the fatty acid composition of the carcasses and abdominal fat pads showed that the enrichment of n-3 fatty acids in those tissues is due to an increase of n-3 fatty acids as a whole in the diet, i.e. the increase of the CAO level in the diets resulted in the increased accumulation of α-linolenic acid (C18:3n-3) in those tissues (Table 6c ). Dietary α-linolenic acid (C18:3n-3) is not readily incorporated into tissue lipids. It is mainly oxidised to CO 2 and water (Aeberhard et al., 1978) . Some is converted to EPA (C20:5n-3) and DHA (C22:6n-3), but only a small portion of the α-linolenic acid (C18:3n-3) enters this pathway (De Gomez-Dumm & Brenner, 1975) . However, if all other fatty acids are removed from the diet and α-linolenic acid (C18:3n-3) is fed as the only source of dietary fat, then a higher percentage is incorporated into tissue lipids (Mohrhauer & Holman, 1963) . Thus, it is a competitive discrimination that prevents α-linolenic acid (C18:3n-3) from being stored in tissues, not an intrinsic property of this compound.
The longer chain n-3 fatty acids were deposited also into the tissues in proportion to their concentration in the diet (Table 7) . This result is consistent with other reports for broiler chicks (Phetteplace & Watkins, 1989; Olomu & Baracos, 1991a) . Studies using whole flaxseed for poultry diets have shown that whole eggs and various tissues are enriched with n-3 PUFAs derived from dietary α-linolenic acid (C18:3n-3) (Caston & Leeson, 1990; Cherian & Sim, 1991; Jiang et al., 1991) . Docosahexaenoic acid (DHA) (C22:6n-3) can be retroconverted to eicosapentanoic acid (EPA) (C20:5n-3) which is normally present only in trace amounts in the tissue lipids. Conversely, DHA is the major long-chain n-3 fatty acid in most tissues. A few tissues contain C22:5n-3 in specific organs, but this fatty acid was not detected in this experiment. Eicosapentaenoic acid appears to have several unique pharmacological and biochemical actions when consumed in large quantities (Leaf & Weber, 1988) . In such cases, DHA, through retroconversion, supplies EPA on demand if there is an inadequate dietary supply of α-linolenic acid.
In this investigation, there was a significant increase in n-3/n-6 ratios in various tissue lipids with up to 80% or 100% CAO feeding. It is well known that there is a competitive inhibition between linoleic acid and α-linolenic acid on desaturation reactions responsible for the synthesis of tissue PUFAs (Kinsella, 1988) . This competitive inhibition depends on the ratio of the two fatty acids in a diet. Thus, an increase in dietary α-linolenic acid (C18:3n-3) results in the reduction of γ-linolenic acid (C18:3n-6) and arachidonic acid (C20:4n-6) by inhibiting the conversion reaction from linoleic acid (C18:2n-6) to these fatty acids (Garg et al., 1989; Olomu & Baracos, 1991b) . Also n-3 and n-6 fatty acids have different reaction rates with most enzyme systems (Sprecher, 1991) . Linoleic acid is rapidly incorporated into tissue and complex lipids and elongated and desaturated to arachidonic acid (Lands, et al., 1990) . α-Linolenic acid is excluded from most tissues and complex lipids (Tinoco, 1982) . If large amounts of α-linolenic acid are fed, it appears in the blood and liver in a lower proportion than fed in the diet. This is consistent with the results for carcass tissue in Table 6 . Conversely, linoleic acid will usually be incorporated into complex lipids in proportionally larger amounts than what is fed in the diet, as can be seen in the results for abdominal fat in Table 6c . Thus, linoleic acid is conserved whereas α-linolenic acid is eliminated in tissues of broilers fed high levels of linoleic acid. α-Linolenic acid is converted to EPA and DHA, but only slowly (Adam et al., 1986) , whereas linoleic acid was rapidly converted to arachidonic acid. This can be seen in the 100% FAO diet (Table 6c ), resulting in a high level of C20:4n-6 (1.05% for carcass and 1.20% for abdominal fat) and low levels of C20:5n-3 (0.10% for carcass and 0.03% for abdominal fat) and C22:6n-3 (0.20% for carcass and 0.05% for abdominal fat).
Eicosapentanoic acid does not persist in tissue (Nelson et al., 1991) . It is either rapidly oxidised, or converted to DHA, a fatty acid that is strongly conserved. This is consistent with the results found in Table 6c , showing C22:6n-3 at a constantly higher percentage in the tissues than C20:5n-3.
Conclusion
An increase in the human dietary n-3/n-6 fatty acid ratio is essential in today's Western diet to help prevent coronary heart disease by reducing plasma lipids (Kinsella et al., 1990) . The results of this experiment showed that substitution of Famarol oil with Canola oil in broiler diets can increase the ratio of n-6 to n-3 fatty acids in broiler carcasses and abdominal fat pads to 5:1, a ratio more suitable for human health. Increasing the level of n-3 fatty acids in the diets was also effective in reducing the level of saturated fatty acids in the carcasses and abdominal fat pads of broiler chickens resulting in "healthier" chickens. The increased n-3 fatty acids also suppressed the formation of long-chain n-6 PUFAs derived from linoleic acid, ensuring a more balanced eicosanoid metabolism (Harris, 1989) . Overall, in view of the prevalence of human coronary heart disease, consumption of n-3 PUFA enriched broilers could be considered as a useful complementary option for the amelioration of coronary vascular disease.
